Aim: To evaluate the human enamel permeability after different external bleaching techniques.
Introduction
The current search for beauty and esthetic standards has increased the number of patients in dental offices drawn by tooth bleaching procedures 1 . This popularity increased the products availability to treat discolored teeth. The literature has several reports confirming that bleaching gels, on their various concentrations, are effective for tooth whitening [2] [3] . Treatment modalities are basically two: athome and in-office techniques. At-home technique utilizes trays and lowconcentration bleaching gels, while in-office bleaching requires higher concentration gels, under professional supervision 4 . It is well known that bleaching agents release oxygen in dental structures, which, due to its low molecular weight and associated to dental permeability, may diffuse through enamel and dentin substrates, acting on the pigments. These molecules, by means of redox reactions, can break macromolecules (pigments) into smaller molecular chains, which are totally or partially removed from dental structure by diffusion While some authors state that no significant chemical or morphological alterations may occur in the dental structure after bleaching procedures using different bleaching agents and concentrations 5 , other studies report that bleaching products may cause enamel mineral loss at different levels 6 and alterations in surface morphology [7] [8] . Theses alterations may vary depending on the product concentration, time of application [9] [10] [11] and pH of the product [10] [11] . Although several studies were conducted to evaluate the effects of dental bleaching on the tooth structure, divergent results are found in the literature, which requires further studies in order to investigate the safety of tooth bleaching in relation to teeth, as well as the effectiveness of the treatments 12 .
A model study was designed to assess penetration of bleaching agents through dental hard tissues using silver nitrate 13 . This methodology can track the diffusion channels promoted by bleaching agents that may penetrate into enamel structure 14 and may be an indirect indicator of adverse effects of this treatment on the surface morphology of tooth structures 12 
.
So far, the studies that evaluated the permeability of dental enamel to bleaching procedures were mainly conducted in bovine enamel 14 . Although bovine teeth have been considered a good substitute for human teeth 15 , there are clear morphological differences between then, as human teeth are more susceptible to penetration of bleaching agent than bovine teeth 16 . Therefore the aim of this study was to compare the human enamel permeability after exposure to at-home and in-office bleaching agents. ). The teeth were scaled for the removal of periodontal tissue remnants and other debris, and then ultrasonically cleaned in distilled water (Dabi Atlante, Ribeirão Preto, SP, Brazil) in order to remove all organic and inorganic materials adhered to the coronal and root surfaces. All teeth were examined under 20x magnification (Zeiss, Estec, São Paulo, SP, Brazil) to detect enamel cracks, fractures, caries or other defects. In case such features were observed, the teeth were excluded from the sample.
Material and methods
The crowns of the selected teeth were separated from their roots at the cementoenamel junction (CEJ) using a lowspeed diamond saw (Isomet 1000, Buehler, Lake Bluff, IL, USA) under water cooling at 300 rpm. Then, the specimens were randomly divided into four groups (n=5) according to the bleaching treatments ( Table 1 ). The labial surface of all specimens was subjected to the bleaching procedures, according to the experimental groups, following the manufacturers' instructions. The control group (G1) was exposed only to artificial saliva at 37°C in a dark environment and was not subjected to any bleaching treatment.
For G2 and G3, an in-office bleaching technique was used with 35% hydrogen peroxide agent (PH35, Whiteness HP Maxx, FGM). Three drops of peroxide for 1 drop of thickener were mixed in a plate included in the bleaching kit. With the aid of a spatula, the labial surfaces were covered with a gel layer 1 mm thick. Then, the bleaching agent was light activated for 3 min (Whitening Laser II, DMC, São Carlos, SP, Brazil) and 7 min without light exposure. This procedure was repeated 3 times, with no waiting time between the applications. The gel was removed with a cotton pellet. For G3, another session was performed, repeating the same procedures, totalizing 2 sessions of three 10-min applications, with a 7-day interval. During this period the specimens were stored in artificial saliva at 37° C in a dark environment.
For G4, an at-home bleaching protocol was used with 6% hydrogen peroxide agent (White Class Calcium, FGM). The gel was applied for 14 consecutive days, 1 h per day. In the remaining period, the specimens were also stored in artificial saliva at 37° C in a dark environment during the treatment period.
Evaluation of human enamel permeability exposed to bleaching agents Table 1 -Experimental groups, bleaching agents, composition and application procedure used in this study.
After the end of the bleaching procedures, all specimens were stored in artificial saliva for 48 h, in a dark environment at 37ºC. After this period, the specimens were ultrasonically cleaned once again for 5 min, in order to remove any other debris from the enamel external surfaces.
After these procedures, the specimens were dried at room temperature for 12 h and the lingual, proximal surfaces and the CEJ were sealed with cyanoacrylate resin (Super bonder Loctite, Henkel Ltda, São Paulo, SP, Brazil) and a nail varnish (Rebu, Risqué Niasi, Taboão da Serra, SP, Brazil) to prevent dye penetration of silver nitrate (tracer agent) through this area. The nail varnish was also used to delimitate an area of 4 x 4 mm in the middle third of the labial surface. Specimens were then immersed in 50% aqueous silver nitrate solution (Vetec Química Fina, Xerém, RJ, Brazil) for 2 h, in a dark and closed environment. Subsequently, the specimens were photodeveloped for 16 h (Developing solution, Kodak, Eastman Kodak Company, Rochester, NY, USA). After this period, the specimens were cleaned with tap water and the nail varnish layer was removed with manual cutting instruments.
The specimens were then embedded in a polyvinyl chloride (PVC) tube with acrylic resin (Duralay, Reliance, Dental Mfg. Co., Worth, IL, USA), and three longitudinal slices of each tooth with approximately 0.4 mm thick were obtained in a buccolingual direction, with a low-speed diamond saw (Isomet 1000, Buehler, Lake Bluff, IL, USA), under water cooling.
The slices were then photographed under an optical microscope (Leica ® , Olympus BX41-U-CA, Tokyo, Japan) with 100x magnification. The images were taken with a digital camera, resolution of 5.1 megapixels. The dye penetration degree was analyzed by three previously calibrated evaluators, using a 0 to 4 score system: score 0 = no dye penetration; score 1 = less than half the enamel thickness; score 2 = half of the enamel thickness; score 3 = full extent of enamel without reaching the dentin and score 4 = tracer agent reaching dentin. A flow-chart of the different scores of the dye penetration degree may be seen in Figure 1 . This evaluation was determined by visualizing the middle third of the dental crowns. If there was any disagreement between the evaluators, the sample under discussion was analyzed jointly until a consensus was reached. The median scores of the images from the same tooth were considered for statistical analysis using the Kruskal Wallis and Dunn tests (α= 0.05).
Results
The medians and interquartile ranges for the permeability degree obtained from each group are shown in Table 2 . The statistical analysis revealed a significant effect for the * Different letters indicate statistically significant differences (p< 0.05). Fig. 1 -Flowchart of the different scores for the dye penetration degree. E -enamel; D -dentin. evaluated factor (p=0.0017). No significant differences were observed between the bleached groups (G2, G3 and G4) but all these groups showed significantly higher permeability compared to control group (G1). In Figure 2 , one can observe that there was no dye penetration in G1, and in G2, G3 and G4 the tracer agent penetrated just on enamel, without reach dentin. Fig. 2 -Stereomicroscopic image (100 X magnification) of the permeability degree obtained from each group. It may be visualized that there was no dye penetration in G1, and in G2, G3 and G4 the tracer agent (arrow) penetrated only on enamel, without reaching dentin. E -enamel; D -dentin.
Discussion
There are currently three techniques for bleaching purposes: in-office bleaching, at-home bleaching and overthe-counter products 3 . This study verified the influence of the in-office and at-home approaches on enamel permeability by silver nitrate penetration. The results showed no differences between the bleaching protocols.
A FT-IR spectroscopy study found that enamel alterations after in-office and at-home bleaching are dependent on the concentration and treatment time, since treatments for longer periods and at higher concentrations resulted in higher structural alterations in enamel 9 . However, in the present study, there were no significant differences between the bleached groups, regardless the used bleaching agent and the bleaching protocol.
Lower enamel permeability could be expected with the at-home product. However, an earlier study found no significant differences between 1, 7 or 14 applications (days) of a 10% carbamide peroxide agent 18 . Additionally, although the at-home bleaching agent has a lower hydrogen peroxide concentration, the product was used for 14 days and the effects on enamel permeability were only evaluated at the end of this 14-day period. Thus, the low concentration gel Evaluation of human enamel permeability exposed to bleaching agents was applied for a longer period than the in-office gel, which may explain the similar results obtained.
Furthermore, there are studies reporting that the pH values of the bleaching agents have a direct influence on the chemical and morphological structure of bleached enamel. Neutral bleaching agents (30% hydrogen peroxide) caused minor deleterious effects on enamel compared to an acidic bleaching agent (also hydrogen peroxide) at the same concentration of 30% 10 . Usually, at-home bleaching agents have lower pH than in-office systems 19 and this may also interfere with the enamel permeability. In the present investigation, care was taken to select at-home and bleaching system with similar pH (Whiteness HP Maxx pH ~ 5.5; White Class 6% pH ~ 6.2) in order to minimize the effects of pH on enamel permeability 19 . In the present research, all bleached groups showed a higher permeability compared to the control group. Likewise, Mendonça et al.
14 reported a higher degree of silver nitrate penetration in bleached enamel specimens, explaining that bleaching procedure opens diffusion channels in the tooth structure through which the oxygen molecules are carried into the dentin substrate. Additionally, the superficial alterations occurred in enamel structure, observed by SEM 14 , and it may be speculated that subsurface damages also occurred in that tissue. In contrast, another study revealed, also by SEM observations, that despite some morphological alterations that may occur, bleaching may be considered safe for enamel, as a regional variation of the dental substrate may amplify the effects of 35% hydrogen peroxide and 10% carbamide peroxide 20 . The methodology employed in this study was first reported by Iwamoto et al. 13 who observed silver nitrate penetration through dental structures subjected to bleaching therapy. However, different from the findings of this study, those authors found no penetration of the agent through the tooth structure. Perhaps this fact may be attributed to a shorter exposure period of the specimens to silver nitrate, which was only 1 h. In the present investigation a 2-hour immersion period was used, which agrees with earlier studies 14 . The adverse effects caused by bleaching procedures on dental structures have been extensively studied. Researches demonstrated several alterations on dental hard structures, as increased surface roughness [7] [8] , reduction in microhardness values 6 and pulpal responses
21
, as showed in a previous study that found direct damage to odontoblasts and decreased metabolic activity of these cells
22
. This effect may be due to the fact that low molecular weight reactive oxygen is more likely to penetrate dental structure than the silver nitrate used in this study. These findings suggest the need to supervise the use of bleaching agents, since oxygen molecules released by decomposition of these agents may reach the pulp chamber 16 and cause toxic effects to pulp cells [23] [24] . Some in vitro studies use remineralizing solutions to store the specimens, such as HBSS (Hank's saline solution), basically formed by salts 25 . Another alternative is the use of artificial saliva, like in the present study, because it simulates accurately intraoral conditions 26 , compared to storage in distilled water. Also, due to its high mineral content, artificial saliva 27 or natural human saliva 11 may increase remineralization of bleached enamel, different from distilled water, which has no remineralizing effect.
Since this is an in vitro study, clinical extrapolations are limited. Vongsavan and Matthews 28 reported that the results obtained from in vitro studies do not correspond to in vivo reality. The authors state that in the oral cavity, there is a fluid movement within the dentinal tubules and enamel porosities. This may render the penetration of bleaching agents under in vivo conditions but not under in vitro conditions 29 . Considering all the above-mentioned physiological factors that may affect the results, more clinical studies should be performed, in order to determine the actual effect of bleaching agents on enamel.
